ABSTRACT Background: Potential associations between dietary glycemic index (GI) and glycemic load (GL) with psychological disorders remain uncertain. Objective: We investigated the relations of dietary GI and GL with psychological distress, anxiety, and depression. Design: A total of 3363 nonacademic members of the staff of Isfahan University of Medical Sciences were included in this cross-sectional study. GI and GL were assessed by using a validated, self-administered, dish-based, semiquantitative food-frequency questionnaire. Validated Iranian versions of the Hospital Anxiety and Depression Scale and General Health Questionnaire-12 were used to assess anxiety, depression, and psychological distress. Results: After control for potential confounders, individuals in the top tertile of GI had greater odds of depression (OR: 1.44; 95% CI: 1.03, 2.02; P-trend = 0.03) and a trend for greater odds of anxiety (OR: 1.52; 95% CI: 0.97, 2.38; P trend = 0.06) compared with those in the first tertile. Higher GL values were linked to lower odds for mental disorders (OR: 0.66; 95% CI: 0.49, 0.90; P-trend = 0.009), depression (OR: 0.69; 95% CI: 0.51, 0.93; P-trend = 0.02), and psychological distress (OR: 0.67; 95% CI: 0.48, 0.92; P-trend = 0.01). Significant interactions were observed between GI and sex for depression (P = 0.01) and psychological distress (P = 0.046) in the crude model. In stratified analyses by sex, after control for potential confounders, a greater GI was linked to a higher odds of depression (OR: 1.52; 95% CI: 1.20, 1.94; P-trend = 0.001) and psychological distress (OR: 1.66; 95% CI: 1.28, 2.14; P-trend = 0.001) in women but not in men. Conclusion: Our findings support a direct link between the odds of depression and dietary GI but inverse associations between GL and mental disorders, depression, and psychological distress. This trial was registered at clinicaltrials.gov as NCT02362113.
INTRODUCTION
The prevalence of mental disorders has been increasing in recent decades (1, 2) . Common mental disorders, including anxiety, depression, and psychological distress, are associated with a high economic burden, disability, and early mortality (3, 4) . Several studies have indicated a significant bidirectional association between chronic diseases, depression, and anxiety (5) (6) (7) .
The increased prevalence of mental disorders over recent decades might be attributed to lifestyle changes (8, 9) . Individuals with mental disorders tend to make unhealthy food choices (10) (11) (12) . For example, cross-sectional studies have found that depression and stress are related to lower intakes of fruit and vegetables (10, 11) but higher intakes of sweet and fatty foods (11, 12) . Some (13, 14) , but not all (15) , longitudinal investigations have found similar associations. The Whitehall II prospective cohort study indicated that a dietary pattern rich in fruit and vegetables was associated with a lower risk of depression, but a dietary pattern rich in sweet desserts and refined grains was related to a greater risk of depression (14) . Serotonin, a neurotransmitter involved in mental function, is mainly synthesized in the digestive tract, and gut microbiota have been reported to promote its colonic production (16, 17) . Moreover, a close relation between dietary intakes and gut microbiota was reported recently (18, 19) ; hence, it is possible that serotonin synthesis, and consequently mood disorders, are affected by dietary factors, particularly those affecting colonic microbiota. Both the amount and nature of dietary carbohydrates have been the focus of several studies in this field. The dietary glycemic index (GI) 9 provides the best description of dietary carbohydrate quality (20) . Higher-GI diets might be associated with lower odds of mental disorders because of their effect on insulin secretion, which facilitates the transport of tryptophan in the brain 1 Supported by Isfahan University of Medical Sciences. CF-B was supported by a National Health and Medical Research Council of Australia Senior Research Fellowship (grant 627002, 2010-15) .
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and increases the synthesis of serotonin (21) . It is thus conceivable that diets with a higher GI and glycemic load (GL) might favorably affect mental health status. In contrast, high-GL diets can result in rapid late postingestive decreases in blood glucose with a tendency to hypoglycemia, which could be responsible for triggering central dysfunction and depression, thus possibly contributing to the higher prevalence of depression among patients with diabetes (22) . In addition, high-GI and high-GL diets may contain lower amounts of fiber, fruit, vegetables, and whole grains (23) (24) (25) and, consequently, provide lower amounts of some key nutrients for the nervous system compared with low-GI and low-GL diets, and, thus, may adversely affect mood disorders. However, findings in this context have been controversial in clinical trials (26) (27) (28) (29) (30) (31) and observational and longitudinal studies (32) (33) (34) (35) (36) . Interpretation of these studies is potentially confounded by variations in study designs and durations, participant populations, and other attributes of diet, with study results not simply being distinguished by GI compared with GL. The correlation of GL with GI or carbohydrate may also be another possible explanation for this discrepancy. It is possible that a stronger correlation with carbohydrate overrides any effects of GI (37) , particularly in populations with a high carbohydrate intake.
With regard to overall dietary patterns in the Iranian population, the Iranian diet appears to have a GI or GL and is nutrient-poor (38) . We know of no study that has assessed the association of GI and GL with psychological profiles in Iranian persons. In addition, nearly all previous small-sample studies were conducted among highly selective populations. Moreover, whereas depression was the main focus of most previous studies, little is known about other psychological disorders (32, (34) (35) (36) 39 ). In the current study, we aimed to examine the association between dietary GI and GL and the psychological profile of Iranian adults.
METHODS

Participants
The current cross-sectional study was conducted within the framework of the Study on the Epidemiology of Psychological, Alimentary Health and Nutrition (SEPAHAN) project. The main aim of the SEPAHAN project was to investigate the association of common gastrointestinal disorders with lifestyle factors and psychological disorders. Details about SEPAHAN project were described elsewhere (40) . Briefly, we invited nonacademic staff members of the Isfahan University of Medical Sciences (IUMS), Isfahan, Iran, who were working in hospitals, university campus, and health centers affiliated with IUMS. The data were collected in 2 separate phases to increase the accuracy of the data and response rates. To collect information about anthropometric measures (weight and height), demographic profile and lifestyle factors, including dietary intakes and physical activity, we distributed 10,087 pretested self-administered questionnaires in the first phase, and 8691 completed questionnaires were returned (response rate: 86.16%). In the second phase, data regarding common gastrointestinal symptoms and psychological profiles were collected (response rate: 64.6%). Finally, we were able to match 4763 questionnaires in phase 2 with its equivalent questionnaire in phase 1. In the current article, after removing participants who most likely over-or underestimated their energy intake (.4200 or ,800 kcal/d) (41) , the data from 3363 persons for whom complete information about both dietary intakes and psychological profiles were available were included in the statistical analysis. BMI was calculated as weight (kg) divided by height squared (m). The study protocol was approved by the Regional Bioethics Committee of IUMS.
Dietary intake assessment
The dietary intakes of the participants were assessed by using a 106-item dish-based semiquantitative food-frequency questionnaire (DFQ). The DFQ was designed based on the Willettformat food-frequency questionnaire. Details regarding the design, food items, and validity and reliability of this questionnaire were published previously (42) . Briefly, the DFQ included 5 main parts: 1) mixed dishes (cooked or canned; n = 29), 2) all grainbased foods and potatoes (n = 10), 3) dairy products (milk and dairy products, including butter and cream; n = 9), 4) fruit and vegetables (n = 22), and 5) miscellaneous food items and beverages (including sweets, fast foods, nuts, desserts, and beverages; n = 36). For each food item, participants were asked to determine the amount of food consumed. To increase the accuracy of the responses, we used the most popular serving units familiar to all people. The participants were provided with 9 possible items to answer, from "never or less than once a month" to "12 or more times per day." However, this structure was not used for all food items. We omitted high-frequency items for foods that were consumed less, but kept them for foods that were consumed frequently. All food items were converted to g/d according to household measures (43) . Daily nutrient intakes of each participant were estimated based on the US Department of Agriculture food-composition database.
Glycemic index and glycemic load estimation
Total dietary GI was calculated by using the following formula: + (GI a 3 available carbohydrate a )/total available carbohydrate, where available carbohydrate was calculated as total carbohydrate a minus fiber a (44) . The total carbohydrate and fiber contents of the foods were derived from the US Department of Agriculture food-composition (46, 47) . For the remaining 17 foods, GI values were not available in these tables; thus, they were estimated based on physically and chemically similar foods (48) . For example, the GIs of some traditional sweets and desserts, such as gaz, which is mainly made of sugar and nuts (almond or pistachios), were considered to be the same as sugar, and gooshfil, which mainly consists of white flour and sugar, was considered the same as English muffin bread. The GI values of rice and dates were estimated as the mean values of different brands. All derived GI values were relative to glucose as the reference food. The GIs of composite mixed meals were estimated based on the GIs of individual food components (44) . The dietary GL was calculated as (total GI 3 total available carbohydrate)/100 (44) and expressed as g/d. The r value for the correlation between carbohydrate intake derived from the DFQ compared with the average of 3-d dietary records was 0.81, which indicated that the DFQ provides a reasonable measure of total carbohydrate intake over a long period. We used the energyadjusted amount of total carbohydrate intake computed through the residual method, as suggested by Willett and Stampfer (49) . Using these parameters, we found that the GL was more closely correlated with carbohydrate intake than was the GI (r = 0.91 compared with r = 0.56, respectively). Because all study participants were Muslims, who did not consume alcohol, we are confident that alcohol consumption did not confound our data relating to GL (50, 51) .
Psychological profile assessment
Anxiety and depression were assessed by using a validated Iranian version of the Hospital Anxiety and Depression Scale (HADS) (52) . HADS is a simple psychological questionnaire that includes 2 separate sections to measure the severity of anxiety and depression. Each section contains 7 items with a 4-point rating scale; higher scores indicate a greater degree of anxiety or depression. The possible score range for both disorders is from 0 to 21. Scores of $8 on either section were considered to indicate the presence of anxiety or depression and scores of #7 were considered normal (53) . Psychological distress was assessed by using the validated Iranian version of the General Health Questionnaire-12. This questionnaire contains 12 items regarding psychological distress (53) . Each item provides a 4-point rating scale as follows: less than usual, no more than usual, rather more than usual, or much more than usual. We calculated distress scores of the participants by using the bimodal scoring method (0-0-1-1), i.e., the first 2 answers (less than usual, no more than usual) were given 0, and the second 2 answers (rather more than usual, or much more than usual) were given 1 point. Higher scores indicate an elevated level of distress, and the maximum score could be 12. In the current study, participants who scored $4 were considered to have psychological distress. Mental disorder was defined as having at least one of the above-mentioned disorders (i.e., anxiety, depression, or psychological distress).
Statistical analysis
First, we calculated energy-adjusted GI and GL using the residual method (54) . Energy-adjusted GIs and GLs were used to categorize participants into tertiles. General characteristics in tertiles of dietary GI and GL were expressed as means 6 SDs for continuous variables or percentages for categorical variables. To examine the differences across tertiles, we used ANOVA for continuous variables and a chi-square test for categorical variables. All dietary intakes, except for energy, were adjusted for age (y), sex, and total energy intake (kcal/d) by ANCOVA. The total calorie intake of participants was adjusted for age and sex. The mean scores of stress profile variables (depression, psychological distress, and anxiety) across tertiles of GI and GL were compared in crude models by using ANOVA and various adjusted models by ANCOVA. We also used multiple logistic regression to estimate ORs and 95% CIs for the presence of various mental disorders across tertiles of GI and GL in crude and multivariable-adjusted models. In adjusted models, we controlled confounding effects of age, sex, and total energy intake in the first model. Further control was made for key nutrients [omega-3 (v-3) fatty acids, magnesium, folate, cobalamin, and pyridoxine], marital status (married, single, divorced, and widowed), physical activity (moderately active and active compared with moderately inactive and inactive), smoking (non-and ex-smokers compared with current smokers), and educational levels (,12 y, 12-16 y, and .16 y) in model 2. Model 3 was additionally adjusted for Overweight was defined as a BMI $25 and #29.99, and obese was defined as a BMI$ 30 (55). 4 Central obesity was defined as a waist circumference $88 cm in women and a waist circumference $102 cm in men.
BMI (continuous). All confounders were included in the statistical analysis as covariates. P values for linear trends were determined by considering tertiles of GI and GL as linear continuous variables in the logistic regression model. To assess the statistical interaction between GI or GL and sex or BMI (normal weight compared with overweight or obese), main-effect variables and their product terms were included in the logistic regression model. We performed stratified analyses, applying the abovementioned models, by sex for depression and psychological distress to evaluate the potential modifying effect of sex related to mental health status. The adjusted models were also controlled for the same potential confounders mentioned above. However, because of the significant interaction between sex and GI for depression and psychological distress in the crude model, we did not include sex in the adjusted models for GI. All statistical analyses were done by using the Statistical Package for Social Sciences (version 20; SPSS Inc.). P , 0.05 was considered significant in all statistical analyses.
RESULTS
Participants in the first tertile of GI were older, were more physically active, and had higher BMIs than did those in the third tertile. Individuals in the third tertile of GL had lower BMIs and were less likely to be current smokers (10.6% compared with 15.9%; P = 0.002). The prevalence of obesity and overweight did not differ significantly across the tertiles of either GI or GL ( Table 1) .
The nutrient intakes of participants were significantly different across tertiles of both GI and GL. Individuals in the third tertile of GI had higher intakes of energy, carbohydrate, and folate, whereas their intakes of fat, protein, fiber, vitamin B-6, vitamin B12, magnesium, and v-3 fatty acids were lower. Similar trends were also observed across tertiles of GL, except for fiber, for which consumption was lower in the first tertile ( Table 2) . Table 3 shows the crude and multivariable-adjusted mean scores of depression, anxiety, and psychological distress across tertiles of GI and GL. In the crude model, individuals in the third tertile of GI had higher scores for all 3 mental disorders. Additional adjustment for dietary intakes and other confounders attenuated these associations and eliminated significant differences for anxiety (P = 0.1) and the trend for depression (P = 0.08), but not for psychological distress (P = 0.03). We found no significant differences across GL tertiles for any of the psychological disorders, either in crude or adjusted models.
Crude and multivariable-adjusted ORs (95% CIs) for the presence of mental disorders, depression, anxiety, and psychological distress across tertiles of GI or GL are presented in Table  4 . In the crude model, the consumption of higher-GI diets was associated with a significantly increased risk of the presence of mental disorders, depression, anxiety, and psychological distress. Further control for age, sex, and energy slightly changed these associations, but further adjustment for dietary intakes and other confounders weakened these associations for all 4 disorders and remained significant only for depression (P = 0.03), with a trend toward significance for anxiety (P = 0.06). No significant associations were observed between GL and mental disorders, depression, anxiety, or psychological distress in the crude model and model 1. However, after adjustment for The nutrients were adjusted for age, sex, and total energy intake (kcal). Energy intake was adjusted for age and sex. 2 Derived from ANCOVA, and energy was considered as the absolute amount per day (56). multiple potential confounders, a higher GL was associated with a decreased chance of mental disorders, depression, and psychological distress.
Although there was no interaction between GL and sex or BMI, significant interactions were observed between GI and sex for depression (P-interaction = 0.01) and psychological distress (P-interaction = 0.046). No significant interaction was observed for BMI category.
In stratified models by sex (Table 5) , a higher dietary GI was associated with a higher odds of depression in women in the crude (OR for third tertile: 1.52; 95% CI: 1.21, 1.92; P-trend = 0.001) and adjusted (OR for third tertile: 1.52; 95% CI: 1.20, 1.94; P-trend = 0.001) models. A positive association was observed between GI and psychological distress in both men and women in the crude model; however, after additional potential confounders were considered, this association remained significant only in women.
DISCUSSION
In this study, we found that a greater GI was linked to a higher odds of depression and tended to be associated with a greater odds of anxiety in the final model. Conversely, a greater GL was related to a lower risk of mental disorders, depression, and psychological distress. We found a significant interaction between GI and sex for depression and psychological distress.
To our knowledge, this was the first study in Iran to evaluate the association of dietary GI and GL with psychological disorders, although such studies have been conducted in other countriesmostly in European and American populations. It is conceivable that, because of considerable differences in dietary patterns among countries, findings from epidemiologic studies in different populations may vary. In middle-eastern countries, carbohydrate is the main contributor to daily energy intake and is mainly consumed as white rice or bread. In agreement with previous studies in Asian populations (34) , the dietary GL in the current study was identified as high; it was higher than in Western populations (32) . The linkage between dietary GI and GL and mental health status has been examined in several clinical trials and epidemiologic studies. Therefore, carbohydrate quality might be an important determinant of psychological health status.
To date, only a few studies have been conducted to evaluate associations between either dietary GI or GL and psychological disorders. The findings from previous studies are inconsistent. A cross-sectional study suggested an inverse association between GL and depression in institutionalized elderly people (32) but no significant association between GI and depression (32) or postpartum depression (34) . In contrast, a cohort study has provided evidence that a low-GI diet in pregnant women adversely affects well-being (35) , whereas another observational study reported a positive correlation between GI and GL and depression in homebound elderly after adjustment for potential confounders (36) and bipolar disorders in women (33) . Similar discrepancies have been observed in clinical trials. Whereas some studies have shown no beneficial effect of a low-GI and low-GL 
Derived from ANOVA in crude models and from ANCOVA in multivariable-adjusted models. Model 1: adjusted for age, sex, and energy (kcal); model 2: adjusted as for model 1 plus marital status (category), education (category), physical activity, smoking (category), v-3 fatty acids, dietary fiber, magnesium, cobalamin, total folate, and pyridoxine; model 3: adjusted as for models 1 and 2 plus BMI. All confounders were included in the adjusted model as covariates. 5 Significantly different from the second tertile, P , 0.05 (post hoc Bonferroni multiple comparison test).
TABLE 4
Multivariable-adjusted ORs (and 95% CIs) for various mental disorders across tertiles of GI and GL Derived from a Mantel-Haenszel extension chi-square test.
3 Mean 6 SD (all such values). 4 Having $1 of the 3 assessed disorders (depression, distress, and anxiety). diet on depression and cognitive impairments in individuals with type 2 diabetes (26, 27) , others have reported a detrimental effect of high-GL or high-GI diets on subclinical depression, mood, and cognitive performance either in healthy individuals or in patients with diabetes (28) (29) (30) (31) . Considerable differences in the design of studies, methods of assessment of psychological disorders, evaluation of dietary intakes, and duration of clinical trials might have contributed to these differences. Moreover, examination of a specific group of individuals in previous studies may also limit their external validity. For example, the etiology of postpartum depression is intrinsically different from that of major or bipolar depression, because of considerable changes in hormone concentrations during pregnancy. In addition, dietary intake during pregnancy is likely to differ from intake after delivery, and it may explain the risk of postpartum depression to some extent. The mechanisms underlying the favorable effects of a low-GI diet on mental health have not been elucidated. Our findings indicate that the association may be due to qualitatively better dietary intakes in subjects consuming a low-GI diet than in those consuming a high-GI diet. Our participants in the third GI tertile had lower intakes of magnesium, vitamin B-6, vitamin B-12, v-3 fatty acids, protein, and fat. Favorable effects of these nutrients on mental health status, by affecting the activity of many enzymes in the nervous system, neurotransmitter transportation and synthesis, have been reported (57, 58) . Nevertheless, depression was positively and independently related to dietary GI, even after control for micronutrients involved in mental health and intakes of v-3 fatty acids. One possible reason might be greater inflammation as a result of the higher-GI, but possibly not the higher-GL, diet, which has been suggested in a systematic review (59) and also has been suggested as a mechanism for depression (60) . Although this was not our primary hypothesis, it may be supported by our findings of inverse associations for GL.
The correlation of GL compared with GI with carbohydrate intake might provide more of an explanation for the inverse association of GL with psychological disorders. As described in our study, GL was more closely correlated with carbohydrate intake than was GI. Carbohydrate consumption beyond a certain threshold may override any GI effect (37), as our findings indicate. GL is known as the determinant of insulin secretion. Thus, one might speculate that high-GL diets result in hypoglycemia and consequently in more psychological disorders. However, higher insulin concentrations are associated with an increased synthesis of serotonin (21) , and the rate of blood delivery to active regions of the brain appears to be insulin-sensitive (61) . Of note, a high-GL diet may, in the long-term, increase the chance of diabetes, which is a known risk factor for depression and anxiety. Nevertheless, in our study population, the prevalence of diabetes was low, and the lowest prevalence was found in the third tertile of GL. More longitudinal studies are needed to reveal the role of GL in psychological disorders.
An earlier longitudinal study, indeed, reported a significant inverse association between depression and the healthy eating index in women but not in men (62) , although the lack of a significant association in men was attributed to sex bias in their instrument to assess depression; HADS-D is not known to have a sex-bias (63) . However, HADS-D does have an age-bias (younger or older than 55 y) (63), and we observed a significant difference in age between men and women in our population (data not shown). Although we controlled for the potential confounding effect of age in our analysis, effects of residual confounders cannot be excluded.
It is important to consider some limitations of our study. First, we used self-administered questionnaires for both exposure and outcomes because of the large sample size of this study in the first phase (n . 8000). Stronger associations might have been obtained if more sophisticated tools were applied to assess psychological profiles and dietary intakes. Second, the crosssectional design of our study does not allow us to draw any causal inferences. For example, depression may lead to a higher consumption of high-GI foods-an association that cannot be identified with the analyses used. For this purpose, we are planning to follow our participants prospectively to address such questions. Third, our study population consisted of IUMS staff; thus, the external validity of our findings may be somewhat limited. Fourth, despite a close correlation between carbohydrate intake derived from the DFQ and from the 3-d dietary records, we were unable to validate the assessment of GI and GL using dietary records (50, 51) . Therefore, the observed association may be real or related to the quality of the DFQ; this requires further evaluation in future studies. Some strengths of the current study should also be recognized. We used a DFQ to evaluate dietary intake to obtain more precise and reliable information than from a semiquantitative food-frequency questionnaire in our population (40) . In addition, we considered various potential confounders, including dietary intakes and physical activity, in our analysis-factors not, or not consistently, taken into account in previous studies (32, 34) .
In conclusion, our findings provide evidence to support a positive link between dietary GI and odds of depression, whereas GL was inversely related to the risk of mental disorders, depression, and psychological distress. Longitudinal studies are needed to confirm our findings in different populations. Furthermore, clinical trials are required to examine the hypothesis that changes in dietary GI or GL could prevent or ameliorate psychological disorders.
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